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A B S T R A C T
Climate change poses new and unique challenges that threaten lives and livelihoods. Given the increasing
risks and looming uncertainty of climate change, increasing attention has been directed towards
adaptation, or the strategies that enable humanity to persist and thrive through climate change the best it
can. Though climate change is a global problem often discussed at the national scale, urban areas are
increasingly seen as having a distinct role, and distinctive motivation and capacity, for adaptation. The
12 articles in this special issue explore ways of understanding and addressing climate change impacts on
urban areas. Together they reveal young but rapidly growing scholarship on how to measure, and then
overcome, challenges of climate change. Two key themes emerge in this issue: 1) that we must identify
and then overcome current barriers to urban adaptation and 2) frameworks/metrics are necessary to
identify and track adaptation progress in urban settings. Both of these themes point to the power of
indicators and other quantitative information to inform priorities and illuminate the pathway forward for
adaptation. As climate change is an entirely new challenge, careful measurement that enables investment
by private and public parties is necessary to provide efﬁcient outcomes that beneﬁt the greatest number
of people.
ã 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Although humans have been adapting to their environments
throughout history, climate change poses new and unique
challenges that threaten lives and livelihoods. Given the increasing
risks and looming uncertainty, attention toward climate change
adaptation has been growing over the past two decades. While the
term was ﬁrst used in the 1990s, it gained momentum in part due
the Intergovernmental Panel on Climate Change (IPCC) deﬁnition
(Glick et al., 2009), most recently in its fourth assessment as
“adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, which moderates harm
or exploits beneﬁcial opportunities” (IPCC, 2007). In addition,
several of the United Nations Framework Convention on Climate
Change’s (UNFCCC) Conference of the Parties (COP) have added to
this growing body of practice, culminating in COP 21’s highlighting
the need to establish a global goal on adaptation of “enhancing* Corresponding author.
E-mail addresses: mdohert4@nd.edu (M. Doherty), kklima@andrew.cmu.edu
(K. Klima), hellmann@umn.edu (J.J. Hellmann).
http://dx.doi.org/10.1016/j.envsci.2016.09.001
1462-9011/ã 2016 The Authors. Published by Elsevier Ltd. This is an open access article unadaptive capacity, strengthening resilience and reducing vulnera-
bility to climate change” (UNFCCC, 2015).
At the same time, exactly what adaptation strategies to take—
strategies that are cost effective, justiﬁable, and address critical
vulnerabilities—are largely unknown. Here, scholarly inquiry,
thoughtful measurement, and evaluation of available data and
metrics can help direct limited resources to sectors and issues of
greatest need and opportunity.
Though climate change is a global problem often discussed at
the national scale, urban areas are increasingly seen as having a
distinct role in the climate agenda in terms of both mitigation and
adaptation. In addition to global disasters, urban areas have unique
climate risks (e.g., urban heat island, impervious surfaces
exacerbating ﬂooding, coastal development threatened by sea
level rise, etc.) (Carter et al., 2015; Gartland, 2008; Gill et al., 2007;
Smith et al., 2009; Wilbanks et al., 2007). In addition, urban areas
also house a majority of the world’s population (UN, Department of
Economic and Social Affairs, Population Division, 2014) and are
global economic hubs, thus exposing many assets to climate
change hazards (Satterthwaite, 2007).
Urban areas also present unique adaptation opportunities. First,
adaptation decisions often require locality-speciﬁc actions, whichder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Adger, 2003). Second, urban areas are also home to innovation and
may be able to efﬁciently garner and use resources. Indeed, many
charitable foundations are interested in funding local adaptation,
spanning avenues such as the Kresge Foundation’s Urban Adapta-
tion Assessment to analyze urban areas in terms of their
vulnerability to the changing climate and their readiness to adapt.
The project will help elevate critical needs on climate actions and
thereby inform decisions about infrastructure, land use, water
resources management, transportation and other policy and
funding issues such that communities are motivated to act and
informed about what to do to make them stronger and more
resilient to the impacts of climate change. Fourth, the importance
of cities in adapting to climate change has led to a recent surge ofTable 1
Overview of special issue content.
Authors Category Summary
Akerlof et al.
(2016))
Barriers to adaptation Surveys urban coastal residents in M
adaptation as it has been on mitigat
may be an effective tool for reducin
Eakin et al. (2016) Barriers to adaptation Discusses the burden for households
to adapt in conditions of marginalit
welfare, reinforcing poverty traps. A
Poruschi and
Ambrey (2016)
Barriers to adaptation Examines connection between incom
saving behaviors and direct residenti
living in a city that are linked to high
owning. Suggests need to continue e
Stults et al. (2016) Barriers to adaptation Examines what speciﬁc types of ada
practitioners. Findings demonstrate
adaptation efforts but are failing to 
adaptation activities. Additionally, a
formats are identiﬁed as barriers
Trencher et al.
(2016)
Barriers to adaptation Examines ten programs to advance e
Asia-Paciﬁc and USA. Findings demo
necessity. Finds limited evidence of b
term, but some indication of mid-te
approaches to advancing climate re
Vargo et al., (2016) Barriers to adaptation Examines distribution of health bene
reﬂectivity in three US cities. Finding
income, and race. Advocates for prio
Araos et al. (2016) Framework/Metrics to
track progress
Develops and applies a framework t
reporting and proﬁles cities based on
stages, but there are still substantiv
institutional barriers
Arnott et al. (2016) Framework/Metrics to
track progress
Surveys the “growth industry” of ind
academia, by program sponsors, bou
evaluation of adaptation progress an
guidance offered in the related ﬁeld
Brandt et al. (2016) Framework/Metrics to
track progress
Develops a three-step framework for
the Chicago region. Findings show a
biodiversity and restoration of natu
included incorporating new species
Chen et al. (2016b) Framework/Metrics to
track progress
Presents framework to identify a cit
effort, to prioritize action. Applies fra
adaptation options
Tyler et al. (2016) Framework/Metrics to
track progress
Explains process to develop indicato
the Asian Cities Climate Change Res
measurement understanding and de
adaptation interventions
Van de Ven et al.
(2016)
Framework/Metrics to
track progress
Developed and tested the Adaptatio
designers and practitioners in deﬁn
measures and creating adaptation pinterest and “one-upsmanship” between cities, as demonstrated
through growing interest in C40, 100 Resilient Cities, etc. (100
Resilient Cities, 2016; C40, 2016).
As a result, many cities are growing their adaptation efforts,
thereby increasing urban adaptation studies (e.g., (Bradford et al.,
2015; Pozzi et al., 2016; Wells and Klima, 2016). In addition, the
Georgetown Climate Center’s Adaptation Clearinghouse (George-
town Climate Center, 2016) tracks some state-level adaptation
plans, and studies have examined the content therein (e.g.
(Markolf et al., 2015). An emerging academic literature examines
both the need for and progress in urban adaptation (e.g., this
volume; Hughes and Sarzynski, 2015). Signiﬁcant adaptation
evaluation work has also been done on the country level, including
tracking country vulnerability, ability to adapt to climate hazards,aryland to examine whether U.S. public opinion may become as polarized on
ion. Findings suggest small-group deliberation focused on local problem solving
g the polarizing effects of cultural worldviews on decision-making
 adapting to adverse water conditions in Mexico City. Finds that households' efforts
y can come at the expense of household investment in other aspects of human
dvocates for greater attention to these tradeoffs in public policy
e, dwelling type, tenure type and city living, in terms of both a household's energy
al energy consumption. The results indicate that there are characteristics unique to
er levels of direct residential energy consumption, such as renting instead of home
valuating the advantages of urban consolidation and to remedy social inequalities
ptation resources exist and how well these resources match the needs of local
 that existing services and resources are meeting the early phases of local
meet the needs associated with implementing, monitoring, and evaluating
 lack of funding and staff time to support adaptation, and inaccessible resource
nergy efﬁciency and retroﬁtting of existing, private sector buildings in C40 cities in
nstrate that innovation occurs without new policy inventions and largely by
enchmarking program effectiveness in reducing energy consumption in the short-
rm outcomes, and complementary potential of voluntary and regulatory
silience
ﬁts associated with land use policies designed to increase vegetation and surface
s suggest disparities in effectiveness of urban heat management strategies by age,
ritization of vulnerable population areas
o track urban climate change adaptation policy using municipal adaptation
 their adaptation reporting. Findings suggest that urban adaptation is in the early
e examples of governments taking leadership regardless of wealth levels and
icators and metrics and classiﬁes efforts into four domains: those developed in
ndary organizations, and on-the-ground implementers. Findings show that
d effectiveness would beneﬁt from greater attention to the best practices and
s of evaluation and science-practice interaction
 urban forest vulnerability assessment and adaptation and pilots the framework in
daptation actions selected in these locations tended to focus on increased
ral disturbance regimes, but adaptation actions in more developed sites also
 or cultivars
y’s adaptation gap, the distance between adaption need and existing adaptation
mework to Seattle, WA, USA to identify no-regret, primary, secondary, and tertiary
rs for planning and monitoring local climate resilience as applied to eight cities in
ilience Network. Finds beneﬁts such as building local capacity, enhancing
veloping a common platform for future planning and monitoring of climate
n Planning Support Toolbox (APST) to support local policymakers, planners,
ing their program of demands, setting adaptation targets, selecting adaptation
lans
312 M. Doherty et al. / Environmental Science & Policy 66 (2016) 310–313and national progress in adaptation planning (Lesnikowski et al.,
2016; Chen et al., 2016a; see http://gain.org/index).
In this special issue, we build on this need and emerging
interest with the goal of promoting measurement of adaptation
need and adaptation progress as well as communication among
government, business and industry, academia, and non-govern-
mental organizations who are instrumental in adaptation sol-
utions for the urban environment.
2. Key themes
The 12 articles in this special issue represent a range of topics on
urban adaptation and examine both problems and solutions.
Speciﬁcally, six articles focus on barriers to adaptation in the urban
environment, such as concerns over equity. The other six articles
focus on frameworks, metrics, or decision-support tools to
overcome these barriers, encourage adaptation investments, and
track adaptation progress. We do not need to settle on just one or a
few adaptation metrics, but we must build a robust theory of
adaptation measurement that allows us to make comparisons
among cities, identify and promote best practices, and effectively
measure adaptation progress among diverse geographies. The
papers in this special issue make signiﬁcant progress toward these
goals.
Table 1 summarizes that objectives and results of each of the
papers in the special issue. These articles generally group into two
thematic areas and point to several high-level conclusions worthy
of clarifying and repeating.
2.1. Theme 1: barriers to adaptation
Despite the growing interest in urban adaptation, many barriers
to successful adaptation planning and implementation persist. For
instance, lack of public opinion and the public’s perception of risk
can constitute a political barrier. According to (Akerlof et al., 2016),
some characteristics are predictive of increased public identiﬁca-
tion of adaptation need, such as living in an area with high and/or
present exposure to a hazard exposure. Akerlof et al. (2016)
advocates for small-group deliberation to focus on local problem
solving to potentially mitigate this barrier. Related to issues with
mobilizing public opinion, another barrier identiﬁed is the lack of
mainstreaming adaptation planning. Stults et al. (2016) identiﬁes
the need for better organization of climate adaptation resources to
improve accessibility to practitioners, as there is currently a
“mismatch” of resources available and services provided. In
addition, (Trencher et al., 2016) suggests a need for improved
policy evaluation by including non-environmental impacts (i.e.,
market and social impacts).
As adaptation is a burgeoning ﬁeld, there is also a lack in
understanding tradeoffs and impact to vulnerable populations.
Studies such as (Eakin et al., 2016) actually ﬁnd unintended harm
to already vulnerable populations from adaptive action, such as
reinforcing poverty traps. Eakin et al. (2016) advocates for
analyzing tradeoffs of adaptation actions to ensure it does not
come at the cost of more generic welfare gains. Similarly, Vargo
et al. (2016) ﬁnds disparities in effectiveness of urban heat
management strategies by age, income, and race and advocates for
prioritizing areas with vulnerable populations. Poruschi and
Ambrey (2016) cites social inequality as a major barrier to effective
adaptation and suggests the need to remedy social inequalities in
order to allow for pro-environmentally related behavior through-
out vulnerable populations.
Looking at them as a group, these papers suggest that while
some barriers may be city-speciﬁc, issues of public opinion, the
lack of mainstreaming and social inequities may be persistent
challenges and thus deserve proactive planning and further study.2.2. Theme 2: framework/metrics to track progress
Urban adaptation is also curtailed by lack of alignment on
metrics/measurement frameworks, which are helpful to effec-
tively identify adaptation actions, evaluate their effectiveness,
and track overall progress. Several papers in this special issue add
to the growing body of literature by either offering innovative
measurement frameworks or an evaluation of existing tools. For
example, Brandt et al. (2016) developed a three-step framework
for urban forest vulnerability assessment and adaptation. Van de
Ven et al. (2016) developed and tested Adaptation Planning
Support Toolbox (APST) to support the transition from policy-
making to practice. Both Chen et al. (2016b) and Araos et al.
(2016) suggest frameworks that prioritize adaptation actions and
also track progress; Araos et al. (2016) proﬁle cities based
adaptation reporting as extensive adaptors, moderate adaptors,
early stage adaptors, and non-reporting while the Chen et al.
(2016b) framework helps to prioritize adaptation actions by
identifying the “gap” between adaptation need and existing
adaptation effort, allowing the shrinkage of the gap to be an
ongoing goal. Tyler et al. (2016) explains the process to develop
indicators for planning and monitoring local climate resilience as
applied to eight cities in the Asian Cities Climate Change
Resilience Network and ﬁnds beneﬁts such as building local
capacity and developing a platform for future planning and
monitoring of climate adaptation interventions. Finally, (Arnott
et al. (2016) survey current indicators and metrics and categorizes
them by those developed in academia, by program sponsors,
boundary organizations, and on-the-ground implementers, con-
cluding that evaluation of adaptation would beneﬁt from greater
attention to the best practices and guidance offered in ﬁelds of
evaluation and science-practice interaction.
From these six papers, we can draw the general conclusions that
while it will be efﬁcient to settle on just one or a few adaptation
metrics, a robust understanding of how best to identify and track
adaptation progress is an essential step to prioritize actions and
enhance urban adaptability.
3. Conclusion
This special issue highlights the growing interest and impor-
tance of climate change adaptation in urban areas. While recent
developments have been made in terms of establishing shared
terminology and deﬁnitions, creating frameworks for identifying
and evaluating adaptation actions, and generating metrics to
measure and track urban adaptability, many challenges and
barriers persist. Further research is needed to understand how
best to mainstream adaptation in municipal planning and to
understand the tradeoffs and overall impact of both climate change
and adaptation on vulnerable populations. The articles in this issue
demonstrate signiﬁcant advancements in the ﬁeld as well as
opportunities to advance knowledge in addressing urban climate
impacts.
We hope that another collection of articles on urban adaptation,
in, say, ﬁve to ten years from now, will have addressed many of the
issues raised in this special issue. By then, we also hope scholars
will be overwhelmed with urban adaptation implementation that
then will require robust evaluation.
Acknowledgments
This special issue was pursued under the auspices of ND-GAIN’s
Urban Adaptation Assessment, a project funded by the Kresge
Foundation. Authors are grateful to Tara Mohtadi and Susan Fasano
for their insights and help in organizing the issue.
M. Doherty et al. / Environmental Science & Policy 66 (2016) 310–313 313References
100 Resilient Cities, 2016. 100 Resilient Cities. http://www.100resilientcities.org
(accessed 7.12.16.).
Adger, W.N., 2003. Social capital, collective action, and adaptation to climate
change. Econ. Geogr. 79, 387–404.
Akerlof, K., Rowan, K., La Porte, T., Batten, B., Ernst, H., Sklarew, D., 2016. Risky
business: engaging the public on sea level rise and inundation. Environ. Sci.
Policy .
Araos, M., Berrang-Ford, L., Ford, J., Austin, S., Biesbroek, R., Lesnikowski, A., 2016.
Climate change adaptation planning in large cities: a systematic global
assessment. Environ. Sci. Policy .
Arnott, J., Moser, S., Goodrich, K., 2016. Evaluation that counts: a review of climate
change adaptation indicators & metrics using lessons from effective evaluation
and science-practice interaction. Environ. Sci. Policy .
Bradford, K., Abrahams, L., Hegglin, M., Klima, K., 2015. A heat vulnerability index
and adaptation solutions for Pittsburgh, Pennsylvania. Environ. Sci. Technol. 49,
11303–11311.
Brandt, L., Lewis, A., Fahey, R., Scott, L., Darling, L., Swanston, C., 2016. A framework
for adapting urban forests to climate change. Environ. Sci. Policy .
C40, 2016. C40 Cities. http://www.c40. org/ (accessed 7.12.16.).
Carter, J.G., Cavan, G., Connelly, A., Guy, S., Handley, J., Kazmierczak, A., 2015. Climate
change and the city: building capacity for urban adaptation. Prog. Plan. 95,1–66.
doi:http://dx.doi.org/10.1016/j.progress.2013.08.001.
Chen, C., Hellmann, J., Murillo, M., Noble, I., Regan, R. 2016a. In review. A two-
dimensional measure to examine climate change vulnerability and readiness
for adaptation investment. Mitigation and Adaptation Strategies for Global
Change.
Chen, C., Doherty, M., Coffee, J., Wong, T., Hellmann, J., 2016b. Measuring the
adaptation gap: a framework for evaluating climate hazards and opportunities
in urban areas. Environ. Sci. Policy .
Eakin, H., Lerner, A., Manuel-Navarrete, D., Aguilar, B., Martínez-Canedo, A., Tellman,
B., Charli-Joseph, L., Álvarez, R., Bojórquez-Tapia, L., 2016. Adapting to risk and
perpetuating poverty: household’s strategies for managing ﬂood risk and water
scarcity in Mexico city. Environ. Sci. Policy .
Gartland, L., 2008. Heat Islands: Understanding and Mitigating Heat in Urban Areas.
Earthscan, London.
Georgetown Climate Center, 2016. Adaptation Clearinghouse. http://www.
georgetownclimate.org/adaptation/clearinghouse (accessed 7.12.16.).
Gill, S.E., Handley, J.F., Ennos, A.R., Pauleit, S., 2007. Adapting cities for climate
change: the role of the green infrastructure. Built Environ. 33, 115–133.
Glick, P., Staudt, A., Stein, B., 2009. A new era for conservation: review of climate
change adaptation literature. Natl. Wildl. Fed..
Hughes, S., Sarzynski, A., 2015. Building capacity for climate change adaptation in
urban areas: editor’s introduction. Urban Clim. 14, 1–3.
IPCC, 2007. Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.
Lesnikowski, A., Ford, J., Biesbroek, R., Berrang-Ford, L., Heymann, S., 2016. National-
level progress on adaptation. Nat. Clim. Change 6, 261–264.
Markolf, S.A., Klima, K., Wong, T.L., 2015. Adaptation frameworks used by US
decision-makers: a literature review. Environ. Syst. Decis. 35, 427–436. doi:
http://dx.doi.org/10.1007/s10669-015-9572-3.
Poruschi, L., Ambrey, C., 2016. On the conﬂuence of city living, energy saving
behaviours and direct residential energy consumption. Environ. Sci. Policy .
Pozzi, M., Memerzadeh, M., Klima, K., 2016. Hidden-model processes for adaptive
management under uncertain climate change. Rev. J. Infrastruct. Syst..
Satterthwaite, D., 2007. International institute for environment and development.
Adapting to Climate Change in Urban Areas: the Possibilities and Constraints in
Low-and Middle-Income Nations. International Institute for Environment and
Development, London.
Smith, C., Lindley, S., Levermore, G., 2009. Estimating spatial and temporal patterns
of urban anthropogenic heat ﬂuxes for UK cities: the case of Manchester. Theor.
Appl. Climatol. 98, 19–35.Stults, M., Nordgren, J., Meerow, S., 2016. Supporting local climate change
adaptation: where we are and where we need to go. Environ. Sci. Policy .
Trencher, G., Broto, V., Takagi, T., Sprigings, Z., Nishida, Y., Yarime, M., 2016.
Innovative policy practices to advance building energy efﬁciency and
retroﬁtting: approaches, impacts and challenges in ten C40 cities. Environ. Sci.
Policy .
Tyler, S., Nugraha, E., Nguyen, H.K., Nguyen, N.V., Sari, A.D., Thinpanga, P., Tran, T.T.,
Verma, S.S., 2016. Indicators of urban climate resilience: a contextual approach.
Environ. Sci. Policy .
UN, Department of Economic and Social Affairs, Population Division, 2014. World
urbanization prospects: the 2014 revision: highlights.
UNFCCC, 2015. Adoption of the Paris Agreement. Proposal by the President.
Van de Ven, F., Snep, R., Brolsma, R., Koole, S., Van der Brugge, R., Vergroesen, T.,
Spijker, J., 2016. Adaptation Planning Support Toolbox: measurable
performance information based tools for co-creation of resilient, ecosystem-
based urban plans with urban designers, decision-makers and stakeholders.
Environ. Sci. Policy .
Vargo, J., Stone, B., Habeeb, D., Liu, P., Russell, A., 2016. The social and spatial
distribution of temperature-related health impacts from urban heat island
reduction policies. Environ. Sci. Policy .
Wells, E., Klima, K., 2016. Excessive heat event risk & response: how the public and
public health experts prepare, respond, and interpret extreme heat. Rev. CATE .
Wilbanks, T.J., Romero Lankao, P., Bao, M., Berkhout, F., Cairncross, S., Ceron, J.-P.,
Kapshe, M., Muir-Wood, R., Zapata-Marti, R., 2007. Industry, settlement and
society. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J., Hanson,
C.E. (Eds.), Climate Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK, pp. 357–390.
Meghan Doherty 1400 E. Angela Blvd., South Bend, IN 46617, mdohert4@nd.edu
Meghan Doherty is the Project Manager for ND-GAIN's Urban Adaptation
Assessment. In this position, Doherty oversees the implementation and execution
of the UAA project, including managing the ND-GAIN team, creating a robust
advisory committee process, initiating project communications, and supporting
fundraising. Doherty received her Master of International Public Affairs from the
University of Wisconsin-Madison.
Kelly Klima 5000 Forbes Avenue, Pittsburgh, PA, 15213, kklima@andrew.cmu.edu
Kelly Klima is a Research Scientist the Department of Engineering and Public Policy
at Carnegie Mellon University focusing on climate, extreme weather, energy,
communications, and outreach. She has published several journal articles and won
multiple speaking awards including the AGU Outstanding Student Paper Award. She
is an active member of several professional societies, and serves on the American
Geophysical Union (AGU) Board of Directors and the Steering Committee for the
National Adaptation Forum. Klima has a Ph.D. in Engineering and Public Policy
(CMU), an M.S. in Earth, Atmosphere, and Planetary Science (MIT), an M.S. in
Aeronautics and Astronautics (MIT), a B.S. in Mechanical Engineering (Caltech), and
a CFM from the Association of State Floodplain Managers (ASFPM).
Jessica J. Hellmann 1954 Buford Ave, St. Paul, MN 55108, hellmann@umn.edu
Jessica Hellmann is Director of the Institute on the Environment and Professor of
Ecology, Evolution and Behavior at the University of Minnesota. She provides
strategic leadership for the Institute, an internationally recognized organization
working to solve grand environmental challenges, while promoting interdisciplin-
ary research, teaching and leadership. She is an ecologist with a research focus on
assessing risk due to climate change and strategies for climate change adaptation,
including both ND-GAIN and natural resource management. Hellmann earned her
Ph.D. in biology from Stanford University and BS from the University of Michigan.
